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ABSTRACT
This thesis examines the activity of the enzyme, cho-
line acetyltransf erase (ChAc), in the rabbit nictitating
membrane response preparation. Sets of three littermate
rabbits were either presented paired tone and shock stimuli
(EXP), unpaired tone and shock stimuli (UNP), or handled and
restrained (SIT). Animals were sacrificed and various brain
areas dissected and assayed. The brain regions examined, in
three separate experiments, were: Experiment 1) the whole
right mesencephalon; Experiment 2) the mesencephalic tectum,
the mesencephalic tegmentum and crura cerebri, the pons and
the medulla (all right hemisections ) ; and Experiment 3) the
brain core area from the mid-mesencephalon to the mid-pons
to the medulla (both right and left hemisections). Both
specific activity (cpm/mg protein) and normalized ratios
(obtained by dividing specific activity of each EXP and UNP
animal by that of its SIT littermate) were examined. The
only effect which was statistically significant was that of
time between experimental treatment and sacrifice (five
minutes or 24 hours) on ChAc activity in Experiment 3.
Closer examination of the data also revealed trends sugges-
tive of stimulation related increases in ChAc activity.
These are discussed in relation to revealing possible learn-
ing-specific alterations of ChAc activity.
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The problem which this thesis addresses is whether
learning-specific alterations of an enzyme with known
neurological significance, choline acetyltransferase (ChAc),
occur as a result of classical conditioning of the nicti-
tating membrane response (NMR) in the rabbit.
The NMR preparation (described in Methods section)
presents distinct advantages which make it a paradigm of
choice for experiments attempting to find biochemical cor-
relates of learning. Stimuli can be precisely regulated so
that conditioned and control animals receive the same degree
of sensory stimulation and perform the same amount of motor
activity while temporal relationships between stimuli are
varied. The NMR preparation has been well characterized
behaviorally (Gormezano, 1972; Gormezano and Moore, 1969;
Gormezano, Schneiderman
,
Deaux, and Fuentes, 1962), so that
correlations between molecular and behavioral parameters are
practical
.
Lesion studies have shown that telencephalic structures
are relatively inconseguential in acguisition and mainten-
ance of an eyeblink conditioned response (CR) (Kemble, Alkin,
and Leonard, 1972; Norman, Villablanca, Brown, Schwaffel,
and Buchwald, 1974; Oakley and Russell, 1972; Schmaltz and
Theios, 1972). The Norman, et al., study suggests, further,
that the diencephalon may probably be excluded from consid-
eration since massive lesions of the ventral posteromedial
2nucleus of the thalamus did not distort normal parametric
features of conditioning in the cat. The anatomical sec-
tions to consider then are below the level of the diencepha-
lon. The retractor bulbi muscle, which controls the NMR,
as well as the lateral rectus muscle are innervated by the
sixth cranial nerve (NVI), the abducens (Thompson, Cegavske,
and Patterson, Note 1), the nucleus of which is near the
pons-medulla interface. Nearly all the other extraocular
muscles, which could also play a role in a defensive behavior
complex, are innervated by the third cranial nerve (NIII),
the oculomotor nerve, the nucleus of which is in the mesen-
cephalic tegmentum. There is, moreover, mutual, probably
reciprocal, innervation between these two nuclei, possibly
involving interneurons in the abducens nucleus (Baker and
Highstein, 1975).
In choosing a molecular candidate for analysis in this
design, some behavioral significance should have been demon-
strated. The cholinergic nervous system has been implicated
in involvement in learning, memory, and behavioral plasticity
in general. This area has been reviewed extensively (Bieder-
man, 1974; Carlton and Markiewicz, 1971). The following re-
sults however, are representative findings. Rats raised in
enriched environments have higher activities of acetylcholin-
esterase (AChE) and cholinesterase (ChE) than their "deprived
littermates (Bennett, Rosenzweig, and Diamond, 1970). Brown
(1971), besides examining the effects of differential envi-
ronments during development, attempted to correlate activities
of AChE and ChE in visual cortex with training of a discrim-
ination learning task selected for maximal cortical involve-
ment (TR), compared to subjects yoked for stimulation and
reward (ST) and reward alone (C). Though differences in AChE
and ChE activity between TR and ST groups were not statist i-
cally significant, the TR-C differences correlation coeffi-
cients for trials to criterion correlated with AChE activity
and number of errors correlated with AChE activity were
close to significance. ChAc activity has been found to
correlate positively with "maze-brightness" in strains of
mice differing in this phenotype. This correlation holds
up across hybridization (Mandel, Ayad, Hermetet, and Ebel,
1974). Deutsch (1969), in perhaps the best known series of
pharmacological studies of cholinergic involvement in learn-
ing, found that physostigmine had either facilitatory or
detrimental effects on recall of learned tasks depending on
time after training of administration.
Matthies, Rauca, and Liebmann (197/1) found increases of
acetylcholine (ACh) immediately, 70 minutes, and four hours,
after training in the "free", "stable bound", and "labile
bound", respectively, ACh fractions of hippocampal homogen-
ates. Trained rats received a shock in the starting box of a
Y-maze. They escaped shock if they went to the correc t arm
of the maze based on correctly solving a brightness discrim-
ination. Yoked controls received shock independently of the
arm of the maze they entered. This same laboratory has also
demonstrated that atropine may both disrupt acquisition and
improve retention of this task (Singh, Ott, and Matthies,
1974). A hint as to how the increases in ACh demonstrated
by Matthies and his colleagues may be initiated comes from a
study by Catravas, McFarland, and Teitelbaum (1973). This
study indicates significant increases in ChAc and RNA poly-
merase activity in the hippocampus during training, extinc-
tion, and retraining of an operant task. ChAc increases were
also found in the cerebral cortex and cerebellum during
various training phases.
ACh is a transmitter in the central nervous system (see
review by Pepeu, 1973). Its synthesis, from choline and
acetyl-CoA is catalyzed by choline acetyltransf erase. ChAc
is found in both particulate (primarily synaptosomal) and
soluble fractions of crude iso-osmotic sucrose homogenates.
Within synaptosomes , however, the enzyme seems to be both
cytoplasmic and, being a basic protein, ionically bound to
the predominantly negative surface of membranes, since ChAc
activity in osmotically shocked subsynaptosomal fractions
could be released by increases in ionic strength but not by
addition of Triton X-100 (Fonnum 1967, 1968, 1972). There
is also considerable species variation in proportion of bounce
and free ACh activity (Hebb, 1972).
Another factor in control of rate of ACh synthesis may
be choline availability. Choline has been demonstrated to
be transported into synaptosomes by both a high and low af-
finity uptake system (Yamamura and Snyder, 1972; Haga and
Noda, 1973), since the brain does not seem to be capable of
de novo choline synthesis. There are conflicting accounts,
however, of the ability of in vivo injections of choline to
influence ACh levels (Haubrich, Wedeking, and Wang, 1974;
Cohen and Wurtman, 1975). The role of Ac-CoA levels in
regulation is also unclear. Though Ac-CoA for ACh synthesis
is thought to be intracellular in origin, the intracellular
compartment supplying Ac-CoA is unknown (Hebb, 1972).
Even if ChAc is not the exclusive rate limiting step in
regulation of ACh levels, there are indications that ACh
demand may induce this enzyme. Specifically, Oesch (1974)
has demonstrated that administration of reserpine to rats,
which leads to extensive reflexive firing of cholinergic
preganglionic neurons to the superior cervical ganglion (SCG)
results in a dose dependent increase in ChAc activity in
the SCG. There was no change in the Km of the enzyme.
Com-
bining various proportions of control and reserpine-t reated
animal homogenates resulted in additive increases of activity,
and administration of cycloheximide (in situations where
this was feasible) prevented the increase in activity. These
results are consistent with the hypothesis that more on-
zyme is synthesized in response to ACh demand.
The inactivation of ACh is accomplished by specific and
nonspecific cholinesterases
.
ACh is probably protected from
intracellular nonspecific cholinesterases by compartmental
separation. Specific cholinest erase, AChE, is associated
both with synaptosomal membranes and neural membranes in
general. In association with synapses, AChE has been local-
ized histochemically on the postsynaptic surface at the neuro
muscular junction ( Salpeter , 1967 ) where it can act as a
control on ACh concentrations near receptor sites . Cho-
lines terase concentrations are not generally believed to be
rate-limiting for control of ACh levels in presynaptic ter-
minals .
Behavioral
,
pharmacological , and biochemical evidence
all clearly indicate therefore, that modulation of choliner-
gic synapses by regulation of ChAc activity is a plausible
hypothesis for a physical mechanism of learning or memory.
The experiments presented here investigate this hypothesis
in the classical conditioning of the rabbit NMR
•
7Experiment 1
The purpose of the first experiment was to examine ChAc
activity in the most rostral major subdiencephalic area, the
mesencephalon, in animals receiving NMR conditioning, unpaired
stimulation, or handling and restraint. Salafia, Daston,
Bartosiak, Hurley, and Martino (1974) have shown that there
is a higher frequency of CRs recorded from the NM on the side
of the head which is shocked (see below) than from the oppo-
site side. It seemed possible therefore, that there might
also be a differential alteration in ChAc activity, with that
alteration greatest in the hemisection on the side which is
shocked, that is, the right side.
The time between termination of conditioning and sacri-
fice was one hour. This time point was chosen because it
was unknown what the time course of activity change might be
and was arbitrarily used since it appeared to be a length of
time intermediate between short and long term metabolic
alterations in other systems.
Method
Subjects . Six groups of three littermate albino rabbits,
approximately 3 kg and 100 days old were used.
Conditioning Apparatus . The methodology of rabbit NMR
conditioning has been described in detail elsewhere (Gorme-
zano, 1966). Briefly, animals were kept in Plexiglas re-
strainers within soundproof file cabinet drawers, which were
8not illuminated. The conditioned stimulus (CS) was a 1200
Hz, 85 dB tone, lasting 300 msecs, in the presence of 65 dB
white noise (on continuously). The US was electric shock
(2 ma), lasting 10 msecs, delivered to the circumorbital
region of the right eye through stainless steel wound clips.
Movement of the right NM was transduced using a rotary mini-
torgue potentiometer and recorded on a two channel Ofner
Dynograph. A CR was defined as a 1 mm upward deflection of
the pen during the CS, but not during the US.
Behavioral Training . Each littermate was randomly as-
signed to one of the following three groups:
1« Group EXP - These animals received 100 pre-
sentations of a tone (CS) followed by an electri-
cal shock to the circumorbital region (US) 300
msecs later. This temporal relationship between
the CS and US results uneguivocally in condition-
ing of the NMR to the CS (personal observations).
2. Group UNP - These animals received the same
number and intensities of CSs and USs as Group
EXP, but with a 20 sec delay between the CS and
US. This temporal arrangement does not result in
conditioning (personal observations). This group
received exactly the same degree of sensory stimu-
lation and performed the same amount of motor
activity as Group EXP, differing only in the
temporal contiguity of the CS and US.
3. Group SIT - This group was handled and put in
the experimental restraining apparatus but received
no CSs or USs.
Because of eguipment constraints, the three animals
could not be run simultaneously and so groups EXP and UNP
were run before or after SIT. Groups EXP and SIT were run
in the first and third position an egual number of times.
Tissue Extraction . Animals were removed from the condi-
tioning apparatus one hour after the last stimulus (or equal
total time for SIT animals) and sacrificed immediately by
intravenous injection of Nembutal (5 cc). Brains were
removed from the skull as quickly as possible, placed in ic<
cold physiological saline, and frozen in a -15 C freezer
while still in saline. Further dissection was performed in
the cold (3°C) after partial thawing. The cerebellum was
first removed and the right and left sides of the brain
separated. The right mesencephalon was removed for analysis
of ChAc activity.
Biochemical Procedures . The assay of ChAc was carried
out as a modification of the procedures of Fonnum (1969) and
Nadler, Matthews, Cotman, and Lynch (1974). The tissue was
homogenized in distilled water in an all glass homoqenizer
with a total volume : tissue ratio of 15:1. Two ul of homo-
genate was then added to 10 ul incubation mixture in ZbO u]
10
polyethylene microcentrifuge tubes. The incubation mixture
contained the following (final concentrations) : .4 mM
Acetyl-1- [
14
c] -CoA, sp. rad. 2.14 mCi/mM (diluted from
New England Nuclear, 57.6 mCi/mM) , 1 mM EDTA, 20 mM choline
chloride, 200 mM NaCl, .1 mM eserine salicylate (to inhibit
cholinesterases ) , 60 mM sodium phosphate buffer, pH 7.9,
16.5 mM MgCl
2 ,
.2% (v/v) Triton X-100. The complete mixture
was left at approximately 0°C for at least 15 minutes for
Triton digestion, then placed in a 37°C water bath for 20
minutes. The reaction was stopped and ACh extracted by the
addition of 100 ul sodium tetraphenyl boron (50 mg/ml in
3-heptanone) . The phases were separated for 2.5 minutes
(approximately 1200 rpm) in a Brinkman 3200 microcentrifuge.
A 75 ul aliquot of the organic phase was then added to 50
ul of 50 mM phosphate buffer, pH 7.4. The phase separation
was identical to the first and a 50 ul aliquot of the organic
phase was added to 5 ml toluene which contained 20 mg PPO
and 2 mg POPOP for scintillation counting. Samples were
counted for 5 minutes in a Brinkman LS-233 scintillation
counter with the counting window wide open (approximately
93% efficiency). Blank counts (26-46 cpm) were then sub-
tracted from samples. Preliminary trials of the assay indi-
cated linearity with respect to amount of enzyme activity
up to at least 800 cpm above background. Activities in this
experiment ranged from 390 to 779 cpm above background.
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Samples were run in quintuplicate with typical standard
deviations of approximately 10%. Homogenates were diluted
an additional hundred fold and protein was then measured by
the Hartree (1972) modification of the method of Lowry,
Rosenbrouqh, Farr, and Randall (1951). Protein determin-
ations on individual homogenates were in quadruplicate.
Results and Discussion
The mean ChAc specific activities, in cpm/mg protein,
of the groups are presented in Table 1. All means are ex-
pressed
_+ standard error of the mean (S.E.M.). To reduce
inter-litter variability, each animal's score was standard-
ized by dividing by the ChAc activity of its SIT littermate.
The means of these Group/SIT ratios are also included in
Table 1. Analysis of variance was performed on both the
activities (F=.4618, 2/15 df, £7.05) and ratios (t>.1559,
1/10 df_, p_> .05) resulting in no significant differences
between groups. The mean ratio of both groups taken together
is 1.45 +_ .26. When compared to unity, this difference is
marginally significant (t=1.99, 11 df, £<.10, two-tdiled).
The above data do not indicate a learning-specific
change in ChAc activity. Instead, they suggest an elevation
due to either stimulation or stress. This will be discussed
at greater length in the general discussion. The anatomical
section examined, the entire mesencephalon, is structurally,
functionally, and pharmacologically highly heterogeneous
1.'
Table 1. Mean +. S.E.M. specific activities (cpm/rag
protein) and mean ratios of ChAc specific activities
of EXP and iinp animals to their SIT littermates from
humnrjr-n.it f\<; ul th«- riqht nu-.s r rK' < -ph ,i 1 on
.
'l'r r-.it mr-nt ChAc Activity Group/SIT Ratio
(; r.)U|. (<pm/mq protein)
EXP 61.2 + 4 «5 1.53 + .41
UNP 66.4 + 17.2 1.36 ± .28
:mt 51.3 + 12.0
(Chambers, Culver, and Rich, 1971). if ChAc levels were
actually being regulated in response to learning, it might
be necessary to examine a smaller, more homogeneous anatomi
cal subsection or a single subcellular fraction to find
changes concentrated enough to be detected against large
nonspecific background activity. It was this point which
partially motivated Experiment 2.
14
Experiment 2
There were two major objectives of Experiment 2. The
first was to make a closer examination of the localization
of ChAc activity changes implied in Experiment 1 and, pos-
sibly, anatomically separate stimulation and learning re-
lated changes. This was to be done by separating the tectal
mesencephalon from the tegmentum and crura cerebri. This
entire ventral portion will be referred to as the tegmentum
for the sake of brevity.
The second objective was to examine lower portions
of the brainstem for changes in ChAc activity. Though
subdiencephalic brain areas are presumably entirely respon-
sible for acguisition and retention of the conditioned NMR,
there was no a priori reason to exclude submesencephalic
areas. Also included for assay in this experiment, there-
fore, were the medulla and pons.
Method
Subj ects . Six groups of three littermate albino rabbit
approximately 3 kg and 100 days old were used.
Behavioral Methods . Conditioning apparatus and Be-
havioral training were identical to Experiment 1
.
Tissue Extraction . This differed from Experiment 1 on3
in the final dissection. Brains were removed and frozen as
before. After partial thawing at 3°C, the cerebellum was
first removed and the remainder of the brain placed on its
15
ventral surface. The first slice, using a hand-held dis-
posable microtome blade, was made just anterior to the
superior colliculus, thus removing the tel- and diencephalon
.
The next slice was made just posterior to the inferior colli-
culus, thus isolating the mesencephalon. The colliculi were
separated from the tegmentum. The next slices were made
with the brain on its dorsal surface and in locations as
indicated in Figure 1. Right sections were separated from
left and kept for biochemical analysis. Only right sections
were assayed for reasons discussed in the introduction to
Experiment 1.
Biochemical Procedures . The ChAc assay differed from
that of Experiment 1 in order to improve precision and was
a modification of that described by Fonnum (1975). Tissue
homogenization and incubation was identical to that in V.x-
periment 1 except that the reaction was run in 1.5 ml poly-
ethylene centrifuge tubes. The reaction was stopped by
flushing the incubation vessels into scintillation vials
with four 1 ml portions of ice cold 10 mM sodium phosphate
buffer, pH 7.4. Ten mg of ice cold sodium tetraphenyl boron
in 2 ml acetonitrile was added to each vial followed by 10
ml scintillation cocktail (with the same composition as in
Experiment 1). The vials were shaken lightly for one minute
and allowed to sit for at least 10 minutes before counting.
The assay was determined to be linear with respect to enzyme
16
FACE PAGE FOR FIGURE 1
Figure 1. Locations of slices (indicated by solid
lines ) following separation of mesenceph-
alon from lower brainstem in Experiment 2
(magnification approximately 4X)
.

activity to at least 1200 cpm above background per assay.
Individual assays during the course of the experiments
yielded activities from 300-1200 cpm above background.
Blanks, with distilled water substituted for homogenate,
yielded background activities of 50-60 cpm. Samples were
assayed in quadruplicate and typical standard deviations for
identical samples were approximately 5%. Scintillation
counting and protein determination procedures were identical
to Experiment 1.
Results and Discussion
Mean ChAc activities and mean ratios of EXP and UNP
animals to SIT littermates are shown in Tables 2, 3, 4, and
5. A one-way analysis of variance was performed on both acti
vities and ratios in each of the four anatomical sections
examined. Not one of the F ratios differed significantly
from unity.
In the mesencephalic tectum (superior and inferior
colliculi), and pons, all F ratios were below unity; in fact,
if there was any actual treatment related change, it was a
depression of activity in both EXP and UNP groups. The
highest F obtained (2.45) was in the comparison of EXP/SIT
and UNP/SIT ratios in the medulla. In this case, however,
the mean EXP/SIT ratio differed from unity by only one per
cent while the mean UNP/SIT ratio was 1.13. This difference
was, however, nonsignificant. The only other suggestion of
18
Table 2. Mean + S.E.M. specific activities (cpm/mg
protein) and mean ratios of ChAc specific activities
of EXP and UNP animals to their SIT littermates from
homogenates of the right mesencephalic tectum.
Treatment ChAc Activity Group/SIT Ratio
Group (cpm/mg protein)
EXP 16.3 + 2.0 .90 + .05
UNP 15.9 + 2.0 .89 + .11
SIT 18.2 + 1.8
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Table 3. Mean + S.E.M. specific activities (cpm/mg
protein) and mean ratios of ChAc specific activities
of EXP and UNP animals to their SIT littermates from
homogenates of the riqht mesencephalic tegmentum and
crura cerebri.
Treatment ChAc Activity Group/SIT Ratio
Group (cpm/mg protein)
EXP 57.6 + 9.7 1.31 + .29
UNP 52.9 + 2.9 1.18 + .12
SIT 45.8 + 3.3
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Table 4. Mean + S.E.M. specific activities (cpm/mg
protein) and mean ratios of ChAc specific activities
of EXP and UNP animals to their SIT littermates from
homogenates of the right pons.
Treatment ChAc Activity Group/SIT Ratio
Group (cpm/mg protein)
EXP 55.1 ± 4.0 .97 + .24
UNP 57.7 + 6.4 .97 + .06
SIT 60.6 + 9.5
Table 5. Mean + S.E.M. specific activities (cpm/mg
protein) and mean ratios of ChAc specific activities
of EXP and UNP animals to their SIT littermates from
homogenates of the right medulla.
Treatment ChAc Activity Group/SIT Ratio
Group (cpm/mg protein)
EXP 50.7 + 5.3 1.03 + .05
UNP 57.6 + 9.7 1.14 + .05
SIT 50.5 + 7.0
change was in the mesencephalic tegmentum. The relationship
of the three groups' mean activities was EXP (57.6)>UNP
(52.9) > SIT (45.8) though these diff erences were not signi-
ficantly different. In a consistent fashion both mean ratios
were greater than one. The EXP/SIT mean ratio (1.31) was
larger than that of UNP/SIT (1.18), though the F ratio ob-
tained in this analysis was less than unity.
These data, as those of Experiment 1, do no more than
suggest learning or stimulation specific changes. It is
interesting to note that the mean ratios of both EXP and UNP
groups to their SIT littermates varied from one in the same
direction in each of the four anatomical sections. The
probability of this occurring by chance is .062. This would
seem to suggest that stimulation related changes occur in
ChAc activity, but certainly does not preclude additional
learning-specific changes. Another interesting observation
in this regard is that when both mean ratios were less than
one, they were within approximately one per cent of each other
while when both mean ratios were greater than one they dif-
fered by a much greater extent, approximately 10%. The
relationship between the means of EXP/SIT and UNP/SIT was
not consistent in the latter cases, (i.e., in the medulla
and mesencephalic tegmentum). This suggests that, if there
are learning related changes in these areas they may involve
both an increase and prevention of increase in ChAc activity.
Experiment 3
Recent unpublished data (Mis, Note 2; Thompson, Note 3)
have indicated that the nuclei of NIII and NVI and the brain-
stem core may be particularly involved in conditioning of
the NMR. The relationship of NIII and NVI to the defensive
reflex complex of which the NMR is a part has been discussed
previously. Stimulation and possibly learning related
changes, although not statistically significant, have been
indicated in the previous two experiments. This suggested
that a higher magnification examination of structures having
a relatively high probability of involvement with learning-
specific changes (e.g., those regions mentioned above) might
be able to resolve such changes to levels of statistical
significance. This was done by further reduction of the
amount of tissue sampled.
In Experiments 1 and 2, only the right side of the
brain was sampled, for reasons already discussed. This
argument is further advanced by the presumption that the
anatomical areas mentioned above are indeed loci for rela-
tively large learning-specific changes, since the innervation
from these two nuclei to the retractor bulbi and extra
ocular muscles is ipsilateral. If this reasoning is correct
then the left half of the brain may serve as a control for
learning-specific changes in ChAc activity in the right.
This would be expressed as a treatment x hemisection inter-
24
action effect.
Another decision that was made in the design of Experi-
ments 1 and 2 was to sacrifice animals one hour after ex-
perimental treatment. This was done in order to maximize
the chances of detecting either short or long latency alter-
ations in ChAc activity. If alterations related to learning
and stimulation occur with opposite latency lengths, then
any learning-specific alterations may be masked at this
intermediate time, however. It was thus decided to examine
tissue from animals sacrificed approximately five minutes
as well as 24 hours after experimental treatment.
Method
Subj ects . Twelve sets of three littermate albino
rabbits approximately 3 kg and 90 days old were used.
Conditioning Apparatus . The apparatus employed differed
slightly from that of the previous two experiments in that
it allowed three animals from a single group to be run
simultaneously, while maintaining the staggered patterns for
different groups used previously. Movement of the NM was
monitored on a four channel Grass polygraph. All other
aspects of the apparatus were identical to Experiments 1
and 2 •
Behavioral Training . Training procedures were identi-
cal to Experiments 1 and 2. Three animals from each group
were run simultaneously and animals were removed from the
apparatus immediately after the training session and either
sacrificed (approximately five minutes after termination of
session) or allowed to remain in their home cage for 24
hours
.
Tissue Extraction . Instead of using Nembutal, sacri-
fice was by decapitation. Following sacrifice, the brain
and the immediately surrounding cranium were removed and
completely covered with dry ice. Tissue was partially
thawed and dissected in the cold (3°C). The cerebellum and
frontal sections of the brain were removed, the brain placed
on its dorsal surface, and slices made as indicated in
Figure 2. The anterior section, which will be called section
III, was then reduced by slicing, in the coronal plane, 5 mm
from the cerebral acgueduct and 5 mm in both directions from
the midline, in the sagittal plane. The posterior section,
section VI, was cut, in the same planes as above, respect-
ively, 2 mm from the ventral surface and 5 mm in both direc-
tions from the midline. Tissue sections were stored at -lb°C
until assay.
Biochemical Procedures . These were exactly the same as
in Experiment 2.
Results and Discussion
Mean ChAc activities and mean ratios of EXP and UNP
animals to their SIT littermates, for all the conditions
examined in this experiment are presented in Tables 6, 7, 8,
FACE PAGE FOR FIGURE 2
Locations of slices (indicated by solid
lines) to separate brainstem sections
prior to further dissection in Experiment
3 (magnification approximately 4X)
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and 9. Three-way factorial analysis of variance was per-
formed on both enzyme activities and Group/SIT littermate
ratios in both anatomical sections using the following
variables: time till sacrifice (T), experimental condition
(G) , and side of the brain examined (L) . The only P ratios
obtained which differed significantly from unity were: 1)
The T main effect on the ChAc activities in Area III (£=5.62,
1/60 df, p_<.025), and 2) The T main effect on the ChAc
activities in Area VI (F=5.25, 1/60 df, p_<.05).
The above results suggest an hypothesis which has not
been considered. Though all groups are habituated for an
hour to the experimental apparatus before experimental treat-
ment, the second encounter with the apparatus may initiate
further adaptive responses. These may include a second, yet
significant, session of habituation, or alternatively, pre-
sent a second stressful circumstance. Either of these
activities could conceivably act to alter ChAc activity in
a time dependent manner. This effect, if large, could mask
a small learning or stimulation effect due to either shock
and/or tone, if they actually occurred (discussed at greater
length in the general discussion).
In an effort to determine whether levels of ChAc
activity within the EXP group or EXP/SIT ratios were related
to amount of learning, these measures were correlated
with
CR frequency. Not one of the correlation coefficients
(pre-
3?
sented in Table 10) obtained differed significantly from
zero. Scatterqrams relating CR frequency to the above
mentioned measures are presented in Figures 3, 4 , 'j , and (..
Close examination of the data revealed several trends
not apparent in the analysis of variance. Though the TxG
interaction effect was not significant, Tables 7 and 9 indi-
cate that the UNP/51T ratios were above ono and equal at
both 5 minutes and 24 hours, while the PJXP/SIT ratios were
approximately equal to one at 5 minutes but above one and
approximately equal to the UNP/SIT ratios at 24 hours. This
was true in both anatomical sections examined. This further
suggested dual learning and stimulation related increases in
ChAc activity, relative to SIT controls, with the stimulated
related change being of short latency, and the learning
related change being of long latency.
The idea of a short latency response to stimulation is
discussed at greater length in the general discussion, espe-
cially in relation to the fact that there was a statistically
significant decrease in ChAc activity, independent of
experimental treatment in both anatomical sections.
The fact that the LxG interaction effect was not sig-
nificant, nor were any higher order interactions involving
the L variable suggested that there was not a differential
learning-specific alteration of ChAc activity with respect
to right and left halves of these sections. It is
worth
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Choline acetyltransferase specific activ-
ities ( cpm/mg protein ) of anatomical Area
III from EXP animals as a function of
number of conditioned responses emitted
during training (1=1 eft hemisections of
animals sacrificed five minutes after con-
ditioning session
;
r=right hemisections of
animals sacrificed five minutes after con-
ditioning session ; L=lef t hemisections of
animals sacrificed 24 hours after condi-
tioning session; R=right hemisections of
animals sacrificed 24 hours after condi-
tioning session)
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FACE PAGE FOR FIGURE 4
Figure 4 . Ratios of choline acetyltransferase spe-
cif ic activities from anatomical Area III
of EXP animals to that of their SIT litter-
mates as a function of number of conditioned
responses emitted during training (see
Figure 3 for explanation of symbols)
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Choi ine acetyltransf erase specific activ-
ities (cpm/mg protein) of anatomical Area
VI f rom EXP animals as a function of
number of conditioned responses emitted
during training (see Figure 3 for explana-
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Ratios of choline acetyltransferase spe-
cific activities from anatomical Area VI
of EXP animals to that of their SIT litter-
mates as a function of number of conditioned
responses emitted during training (see
Figure 3 for explanation of symbols)
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noting however, that whenever the average ratio of EXP or
UNP animals to SIT littermates was greater than unity, the
ratio was higher in the right hemisection than the left.
mGeneral Discussion
The only effect which was statistically significant
the three independent experiments presented here, was the
effect of time between treatment and sacrifice (T main ef-
fect) on ChAc activities in Areas III and VI in Experiment
3. As mentioned previously, this may be a result of a
transient increase in cholinergic activity due to either
further habituation-like responses to the experimental
apparatus or stress.
When all three experiments were considered together,
however, there were consistencies in the data that indicate
that this nonspecific effect was not the only cause of
alteration of ChAc activity. In all those tissue samples
which contained the core areas of the mesencephalic tegmen-
tum, means of both EXP/SIT and UNP/SIT ratios were 18 to
30 per cent greater than unity. This increase exhibited a
latency of between five and 60 minutes in the EXP/SIT ratios
The same was true when considering the medulla in Experiment
2 and Area VI in Experiment 3, except for the magnitude of
the increases • The increases in these ratios occurred in
Experiment 3 in spite of the statistically significant de-
crease in ChAc specific activity which was independent of
group. This implies that there were increases in ChAc
activity in response to tone or shock stimulation or motor
activity in the extraocular musculature in addition to the
10
nonspecific effect of length of time between experimental
treatment and sacrifice.
The fact that the ChAc activity in Experiment 3 was
higher in animals sacrificed immediately following experi-
mental treatment than in those sacrificed 24 hours later is
consistent with data reported by Haywood, Hambley, and Rose
(1975) after these experiments were already completed.
These investigators examined ChAc activity changes in chicks
exposed to an imprinting stimulus. After examining time
points 0, 1, 6, and 12 hours after an hour exposure to a
flashing orange light, only the 0 hour difference, relative
to chicks kept in the dark, was significant. This difference
represented a 10 per cent increase in normalized specific
activity. This effect was found in the midbrain, but not
in the forebrain roof or forebrain base. These authors
speculated that this was due to a temporary increase in
response to cholinergic depletion due to sustained cholin-
ergic neural activity. This may have been a response of
some neural systems to the flashing light.
If elevated ChAc activity in the animals killed five
minutes after experimental treatment was due to increased
activity of a cholinergic system, the short latency of this
effect is consistent with results reported by Birks and
Fitch (1974). These authors found that stimulation of the
preganglionic nerve to the cat SCG resulted in increased
41
ganglionic ACh stores with respect to a nonstimulated con-
trol. A 27 per cent increase was found as early as five
minutes after a 60 minute stimulation session and a maximum
increase of about 40 per cent was reached in about 20. min-
utes and maintained for at least 180 minutes after cessation
of stimulation.
Considering the results of all three experiments pre-
sented in this thesis, along with additional evidence pre-
sented in other studies, it seems likely that a short latency
increase in ChAc activity occurred within the NMR condition-
ing paradigm. This was probably a result of cholinergic
activity in response to the experimental apparatus, sensory
and motor activity. An important point to consider in light
of this, is that if learning-specific alterations in ChAc
activity did occur, as was hinted by some aspects of the
data (discussed earlier), they may well have been masked by
the group-independent increases in ChAc activity.
These nonspecific effects may have been a result of an
habituation-1 ike response to the experimental apparatus (al-
though this cannot be concluded without further experiments).
The cholinergic nervous system has been strongly implicated
in habituation. Scopolamine, which blocks muscarinic re-
ceptors, has been found to disrupt habituation in a variety
of behavioral paradigms (Carlton and Vogel, 1965, 1967; Lea-
ton, 1968).
The group-independent alterations of ChAc activity may
also have been in response to stress, though animals in the
SIT condition did not give any obvious signs of being
stressed. Thompson, Piroch, Fallen, and Hatton (1974) have
shown however, that tonic immobility in chickens, a response
believed to be a result of fear, is reduced in duration by
administration of scopolamine, but not methylscopolamine,
and potentiated by administration of eserine, thus also im-
plying cholinergic involvement.
The possibility that learning specific changes in ChAc
activity occur in rabbit NMR conditioning can definitely not
be ruled out however. It is widely believed that learning
consists of a selective modification of synapses. This can
logically consist of negative as well as positive changes of
synaptic efficacy, as has been pointed out (Rosenzweig,
Mollgard, Diamond, and Bennett, 1972). It is not unlikely
that each type of change occurs within very discrete ana-
tomical regions. To determine if this is the case, these
experiments should be done by examining even smaller, more
homogenous, sections such as nerve nuclear groups. The
sampling strategy this presents, however, would increase the
amount of time invested in each experiment greatly, but
still not confirm the hypothesis if the smallest homogenous
unit with respect to direction of ChAc alteration is at the
level of single synapses. Another procedure to increase the
probability of detecting learning-specific changes in ChAc
activity would be to decrease changes in ChAc activity which
are not learning-specific. This could be done by giving
each animal several additional apparatus habituation sessions
prior to experimental treatment. This would be strongly
advised in further experiments.
One other point to consider is that perhaps learning-
specific increases in protein concentration are not negli-
gible. In this case, a better standardization of ChAc
activity would be "per cell" by standardizing per unit of
DNA or per unit of brain mass.
Another interpretation of the data in this thesis is
that the cholinergic nervous system may be involved in con-
ditioning of the NMR, but the wrong molecular aspect of this
system has been sampled. Downs, Cardozo, Schneiderman
,
Yehle, VanDercar, and Zwilling (1972) demonstrated that
atropine sulfate, a muscarinic blocking agent, disrupted
acquisition and retention in a discrimination task using the
rabbit eyeblink preparation, while methylatropine sulfate
which has a similar effect on muscarinic receptors but does
not pass through the blood-brain barrier does not have this
disruptive effect. Though this study lends some support to
the first part of this contention, it is by no means defini-
tive. These anticholinergic compounds were administered
systemically in intact animals so the neural site of action
is unclear. It is possible that the atropine acted to acti-
vate neural structures not normally involved in acquisition
of this response, which acted back on the centers primarily
involved, in a disruptive fashion. Before it can be assumed
with any reasonable confidence that the cholinergic nervous
system plays a specific role in acquisition of the condi-
tioned NMR, cholinergic drugs should be demonstrated to have
an effect when administered via cannulae implanted in sub-
diencephalic locations and these drugs should also be shown
to have learning related effects in animals with lesions or
ablations of brain areas not concerned with conditioning of
this response.
If the above can be shown, then perhaps the same ex-
periments done in this thesis should be attempted, but
measuring AChE activity. Though Haywood, et al. (1975) did
not demonstrate a marked effect on ChAc
,
they did show much
larger alterations of AChE and these were at time points
r 14
1
more in line with times suggested by previous work on L 01 -
lysine incorporation into protein in the same behavioral
situation (Haywood, Hambley, and Rose, 1974). AChE plays
a rather unique role in the nervous system. Whereas most
other neurotransmitters are inactivated by reuptake of the
unaltered molecule, ACh is inactivated through destruction
by AChE in immediate proximity to its site of action, re-
ceptors on the postsynaptic surface (Bennett, Mulder, and
45
Snyder, 1975). Increases in AChE concentration in the
synapse would, in effect, shorten the length of time a
single burst of ACh from presynaptic terminals would be at
an effective concentration to activate receptors thereby
reducing confusion of information from successive bursts of
transmitter. This would have the effect of increasing the
informational capacity of the synapse per unit time. More-
over, the inference that increases in AChE levels would
result in ACh depletion may be fallacious.
Other possible alterations to examine in the choliner-
gic system with regard to NMR conditioning include choline
uptake kinetics and synthesis of receptors. The latter
possibility has been shown to occur in denervation super-
sensitivity, a form of neural plasticity, in the rat dia-
phragm (Brockes and Hall, 1975a, 1975b, 1975c) and the tech-
nology is presently available to assess this hypothesis.
Finally, the alternative hypothesis that the specific
molecular changes involved in the acguisition of the NMR
conditioned response are not cholinergic in nature, must be
considered. Highstein (1973) has implicated Y-amino butyric
acid as the probable inhibitory transmitter from the medial
vestibular nucleus onto neurons in the abducens nucleus.
Other neurotransmitter systems have also been proposed to
play an essential role in learning (Van Harreveld and Fif-
kova, 1974; Stein, 1969; Stein, Belluzzi, and Wise, 1975).
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In conclusion, the series of experiments presented in
this thesis indicate that net changes in ChAc activity spe-
cific to classical conditioning of the NMK in the rabbit are
not detected when the whole mesencephalon, mesencephalic
tectum, mesencephalic tegmentum, pons, medulla or midbrain,
and brainstem core areas are assayed, though this does not
preclude the possibility that changes may be detected when
smaller, more homogenous sections are examined. A net
decrease in ChAc activity was detected, in core areas of the
midbrain and brainstem, in animals sacrificed 24 hours after
experimental treatment as compared to after approximately
five minutes. It is hypothesized that this effect may have
been a short term increase in ChAc activity due to processes
such as habituation to the experimental apparatus or stress.
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APPENDIX
Analysis of Variance Tables
5 7
TABLE 1
Analysis of variance tables for Experiment 1.
ChAc Specific Activities
Source of Variance Sum of Squares DF Mean Square F Ratio
Between Groups 710.09 2 355.05 .462
Within Groups 11532.67 15 768.84
EXP/SIT Ratios
Source of Variance Sum of Squares DF Mean Square F_ Ratio
Between Groups .10 1 .10 .156
Within Groups 6.12 10 .61
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TABLE 2
Analysis of variance tables for Experiment 2
Mesencephalic Tectum - ChAc Specific Activities
Source of Variance Sum of Squares DF Mean Square F_ Ratio
Between Groups 17.46 2 8.73 .470
Within Groups 278.80 15 18.59
Mesencephalic Tectum - EXP/ SIT Ratios
Source of Variance Sum of Squares DF Mean Square F Ratio
Between Groups .00 1 .00 .006
Within Groups .35 10 .03
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TABLE 3
Analysis of variance tables for Experiment 2
Mesencephalic Tegmentum - ChAc Specific Activities
Source of Variance Sum of Squares DF Mean Square F Rati o
Between Groups 354.87 2 177.44 1.172
Within Groups 1816.64 12 151.39
Mesencephalic Tegmentum - EXP/SIT Ratios
Source of Variance Sum of Squares DF Mean Square F Ratio
Between Groups .04 1 .04 .211
Within Groups 1.55 8 .19
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TABLE 4
Analysis of variance tables for Experiment 2
Pons - ChAc Specific Activities
Source of Variance Sum of Squares DF Mean Square F Ratio
Between Groups 73.54 2 36.77 .187
Within Groups 2360.09 12 196.67
Pons - EXP/SIT Ratios
Source of Variance Sum of Squares DF Mean Square F_ Ratio
Between Groups .00 1 .00 .00
Within Groups .39 8 .05
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TABLE 5
Analysis of variance for Experiment 2.
Medulla - ChAc Specific Activities
Source of Variance Sum of Squares DF Mean Square V_ Ratio
Between Groups 194.26 2 97.13 .340
Within Groups 4280.51 15 285.37
Medulla - EXP/SIT Ratios
Source of Variance Sum of Squares DF Mean Square F_ Ratio
Between Groups .04 1 .04 2.449
Within Groups .15 10 .01
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TABLE 6
Analysis of variance tables for Experiment 3. (See page
31 for explanation of symbols).
Area III - ChAc Specific Activities
Source of Variance Sum of Squares DF Mean Square F Ratio
T 1633.06 1 lb J J ,06
*
5 .612
884.63 2 442 .31 1. 518
24.15 1 24 • 15 .083
TG 320.19 2 IbU • 1U • 549
TT.X J-J 45.92 1 45.92 .158
WiJ 64.28 2 32 • 14 • 110
TGI. 152.37 2 / D • 1
9
.261
witnin ioxj 17483.97 60 291.40
Area III - EXP/SIT Ratios
Source of Variance Sum of Squares DF Mean Square F Ratio
T .17 1 .17 .688
G .17 1 .17 .721
L .02 1 .02 .088
TG .10 1 .10 .434
TL .06 1 .06 .269
GL .03 1 .03 .112
TGL .05 1 .05 .228
Within TGL 9.61 40 .24
*£< .025
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TABLE 7
Analysis of variance tables for Experiment 3. (See page
31 for explanation of symbols).
Area VI - ChAc Specific Activities
Source of Variance Sum of Squares DF Mpan Snn ^ p>wCul 1 •JLjUQi. c
T 5756.65 1 5756.65 5 .252 +
G 422.05 2 211.03 .193
L 242.73 1 242.73 .221
TG 42.12 2 21.06 .019
TL 1.45 1 1.45 .001
GL 23.44 2 11.72 .011
TGL 225.03 2 112.52 .103
Within TGL 65762.14 60 1096.04
Area VI - EXP/SIT Ratios
Source of Variance Sum of Squares DF Mean Square F Ratio
T .25 1 .25 .658
G .29 1 .29 .765
L .14 1 .14 .371
TG .34 1 .34 .906
TL .04 1 .04 .093
GL .05 1 .05 .126
TGL .01 1 .01 .019
Within TGL 15.13 40 .38
+£< .05
*

